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[57] ABSTRACT 

Apparatus for displaying a band representation, e.g. a 
bar graph or column graph, of a signal comprises a 
series connected array of light-emission devices such as 
LED.s and a preferably constant current source con- 
nected to one end of the series. Transistorised control 
means is arranged to bypass the constant current around 
selected ones of the devices in dependence upon the 
magnitude of an input signal to be displayed so that the 
devices remaining lit form a band representation of the 
signal. A center-zero display is provided by applying an 
offset voltage to the input signal. 

14 Claims, 3 Drawing Figures" 
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array of light-emitting devices to form the band, 

APPARATUS FOR DISPLAYING A BAND wherein the voltage levels appearing at certain points 

REPRESENTATION OF A SIGNAL within the apparatus can be substantially lower than is 

TMTDnnTTmnM necessary with the Kalnin proposal and which can be 

INTKODUCTION j substantially cheaper to produce than the other pro- 

This invention relates to apparatus for displaying a posal mentioned above. It is a further object of the 

band representation of a signal, for example a represen- invention to provide such apparatus wherein, by the use 

tation of a signal in the form of a bar graph or a column of a kind of negative feedback circuit, the accuracy and 

graph where the length of a lit bar or column represents stability of the display is substantially improved, 

the magnitude, say, of the signal. . 10 «.t^«^«tw-,t^^t ^« ««w^ ^t«^^^*^«.t 

Early examples of such apparatus were etectrome- DESCRIPTION OF THE INVENTION 

chanical in nature and comprised an electrical measur- According to the invention, there is provided band 

ing and servo-system coupled to a movable coloured representation display apparatus comprising: 

band or ribbon which was moved, by the servo-system, an array of electrical light-emission devices which are 

along behind a plate having a viewing slit in it so that 15 physically positioned for forming a band representation 

the visible length of the band represented the signal. and which are electrically connected in series with one 

Proposals have also been made for apparatus wherein another, ' 

the mechanical part of the apparatus mentioned above is continuous electrical current supply means which is 

replaced by a closely spaced array of electrical light connected to one end of the series of light-emission 

emission devices, such as light emitting diodes (LED.s), 20 devices and which is operable for making continuous 

which lamps are selectively lit, in dependence upon the electrical current available to flow through the series to 

signal to be displayed, so that the lit ones form a colxunn light the devices 

or bar of length representative of the signal. control means which is connected to an input termi- 

One such propel, disclosed by Kalnin et al in an nal of the apparatus and to said devices and which is 

article entitled "Application of Light-emitting diode 25 operable for receiving an input signal applied to said 

Matrices in Measurement Engineering" (Instrum. and mput terminal and for bypassmg said continuous electri- 

Exp. Tech., Jan-Feb 1972, pp 163-164, 324/96), pro- cal current past a number of said devices in dependence 

vides a simple and accurate system wherein cunent is upon said input signal so that a band representation of 

{Missed through a cham of silicon diodes so as to fonn, at said signal is formed by the devices remaining lit 

the interconnection points between the diodes, a series 30 Preferably said light-emission devices are light-emit- 

of voltages differing by steps of about 0.7 Volts. The ting diodes (LED's). The supply means may comprise a 

emitter of a respective transistor is connected to each constant current source. It is particularly advantageous 

interconnection point between two diodes, the base of for both of these latter features to be present, i.e. for the 

each transistor being coupled via resistors and, proba- devices to be light-emitting diodes and for the supply 

bly, an amplifier to the voltage input signal to be dis- 35 means to comprise a constant current source because 

played and the collector load of each transistor com- when such diodes are fed by a constant current source 

prising a light-emitting diode and a resistor in series. they have a very accurately predictable characteristic 

Thus as the input signal varies through the range of the as regards the voltage dependence of the light emitted 

series of voltages at the interconnection points of the from them. 

diode chain, the number of light-emitting diodes which 40 ^« . . ^^^r^ 

arc lit varies and these Mgh^ttmg diodes can be DESCRIPTION OF TTO ACCOMPANYING 

physically arranged to form a bar graph. The circuit can DRAWINGS 

be considered as a plurality of comparators set to com- FIG. 1 is a circuit diagram of band representation 

pare the input signal against voltages differing by 0.7 display apparatus. 

Volts. A disadvantage of the Kahiin et al proposal is 45 FIG. 2 is a circuit diagram of an addition which may 

that where the number of LED.8 required is large, over be made to the FIG. 1 apparatus to make it give a centre 

50 say, so as to give good resolution of the display, the zero display, and 

amplified input voltage applied to the base of the tran- FIG. 3 b a circuit diagram of an alternative addition 
sistors has to sweep through quite a large range, i.e. to which may be made to the FIG. 1 ^paratus to make it 
light the highest value LED the voltage applied to the 50 give a centre zero display, 
base of the associated transistor has to be around 50 X t%ota¥ti3¥> nrsontimrxKi 
0.7 Volts, and such voltage levels exceed those available DETAILED DESCRIPTION 
from a conventional integrated circuit which cannot The apparatus of FIG. 1 comprises an array of light- 
therefore be used as the input signal amplifier. One emitting diodes (LED's) LEDl, LED2 — LEDN 
solution of this problem is disclosed in U.S. Pat No. 55 which are connected in series with one other between a 
3,961,256 assigned to the present assignee. Here a plu- zero voltage supply line and a negative polarity con- 
rality of integrated circuit operational amplifiers are stant continuous current source C. Under the action of 
used as the comparators and a resistor chain forms the the source C, cunent passes through the series arrange- 
series of comparison voltages. With this solution, the ment of diodes to cause them to be lit The collector and 
steps between the comparison voltages can be reduced 60 emitter termmals of a respective PNP transistor Tl, T2, 
to say 100 mV or even less. However, although it is — TN are connected to one and the other side respec- 
proposed in this specification to use multiplexing tech- tivdy of each light-emitting diode. The base of each 
niques to reduce the number of comparators required, it transistor has a respective input resistor Rl. The input 
is still necessary to use several of these items and, as sides of each three adjacent input resistor are commonly 
each one is quite a costly item, the overall cost of the 65 connectedtotheanodeof a diode (Dl) which is lespec- 
apparatus can be substantial. tive to those three leustors. The cathodes of all the 
Accordingly, it is an object of the invention to pro- diodes Dl are connected in common to the output of an 
vide band representation display apparatus having an operational amplifier OAl of which the inverting input 
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is taken to the OV supply line while the non-inverting Diodes able to withstand such a voltage level are 
input is connected to receive, via a resistor R2, the readily and cheaply available, 
signal voltage Vin of which a band representation is to The function of the diodes Dl is to prevent Zener 
be displayed, and via a feed back resistor R3 to that end breakdown of the base-emitter diodes of the transistors 
of the series chain of LED's which is connected to the S and so the number of diodes Dl can be selected as de- 
current source C. sired, for example there could be one diode Dl for each 
If the signal voltage Vin to be displayed is positive. transistor or one diode for a number of transistors other 
the output of the operational amplifier will tend to be than three. The choice of one diode to three transistors 
positive, all the transistors will be switched off and all is advantageous however because the sum of the volt- 
LED's will be lit. Assuming there are 50 LED's in the 10 age drops across three typical LED's of the kind used in 
chain and each LED drops approximately 1.63v, the the Ulustrated circuit will be 4.9 volts which is within 
voltage at the current source end of the chain wQl be the limit of cheap siUcon planar transistors. 
-8L5v and this is fed back to the non-inverting input of ^ith a column or bar graph display, it is often desir- 
the amplifier OAl. The values of the resistors R2 and able for the mid-point of the display to represent a zero 
R3 are such that R2/R3 = F/V where V is the voltage 15 ^^^^^ the input signal voltage. This can be achieved 
level at the current source end of the diode chaw when ^y use of the circuit shown in FIG. 2 where three Ught- 
all the diodes are lit and F is the maximum input voltage ^^tting diodes LED 100 to LED 102 and a resistor R4 
magnitude to be represented by tiie display, i.e Oie "full comiected in series between the zero and positive 
scale input voltege, for examp e R2 can be IKO and 3 , ^ VCC to form a 
f V u ^ ^ .r^''' *TuU scale" mput voltage is 20 ^.^.^^ ^^^^ of R4 being chosen to ensme 
I ^ 1 J^^K ^\''f!i """"^^^f' ? 'Tr''' that a suitable level of current, ^y 10 mA, flows 
} ^^ ^V the operationd a^^^^ ^ ^ connection between 
commence to go negative and the base of the transistor ^Zi^fr^^ da o„h i;n4r*-««,;f#i«„ a;^^^ t inn 
Tl will approeu:h the point where Tl will conduct and 'Th ? hght^mittmg diode LED 100 
' short out LEDl, Le. it will by-pass the supply energy 25 ^'nAT^'mV^i '^^'^T''''^^ 
past this diode which will therefore cea^ to be lit "^P^If ^P^^^^ ^^^J ^^/^ "^"^ 
When this happens, the voltage at the current source ^'i^^: J^^ """'^^^ of hght-emittmg chodes, such as 
end of the chdVof LED's will fall so as to reduce the ^^P^ ^^']?^^ ?r"!u^'* f "^t "^l^.u^^ '^f °' 
feedback to the amplifier by 1.63v. If the input voltage ^^"l^J'^ ^ ^^^t' f ^ 
falls f^er towards OV., T2 wiU start to conduct, 30 the value of the resistor R5, are chosen such that 
LED2 WiU be extinguished, and the voltage dropped ^^^^6f ^^^1 appearing at the non-inverting input to 
across the chain will be further reduced. This process amplifier OAl when the signal vo togc Vm is zero is 
wUl continue as the voltage Vin to be displayed goes sufRcient to ensure that one half of the array of 
further towards OV until all the LED's are extinguished. ^^^^^ ^EDl, LED2 — LEDN are lit and the other half 
' The LED's are physically positioned, in a column or 35 extinguished. There is thus provided a centre zero dis- 
row for exwnple, so as to form a closely spaced array of P^^y- ^he voltage divider of FIG. 2 is used to produce 
LED's whereby the diodes which remain lit for a par- ^ o^^et voltage to the input of the amplifier OAl. The 
ticular value of input signal voltage form a band repre- ^i^^^s LED 100 to 102 are used to form one limb of the 
sentation of the input signal. For example, the array voltage divider so that any variation in the voltoge 
could be linear so that the band representation is in the 40 resulting from changes in temperature shall correspond 
form of a column or bar graph. As a further example, the variation in voltage across each of the diodes 
the array could have an arcuate shape. The components * ^o N, thereby giving better stability in the num- 
included in the feedback circuit of the operational am- ^er of lit diodes when the input to be displayed is zero, 
plifier include the lit LED's and the voltage dropped An alternative means of producing the above-men- 
across these is dependent on their number, i.e. on the 45 tio»ed offset voltage is shown in FIG. 3, Here, the 
number of LED's not shorted out by the transistors. constant current source C is a floating supply and an 
Thus, the natural action of the feedback loop is to give additional light-emitting diode, LED.R, is added at the 
the xequiml band representation. positive, end of the chain of diodes LEDl — LEDN so 
. In the illustrated circuit, the transistors only have to that the constant current passes through diode LED R. 
withstand a low voltage, for example 1.6v between SO Thejunctionbetweenthecathodeof diode LED Rand 
emitter and collector, even though the voltage across diode LEDl is held at zero potential. The resulting 
the chain is more than 80v. Further, since the feedback positive potential at the anode of diode LED.R is then 
resistor R3 is connected to a virtual earth, the opera- used as the offset voltage and is fed via resistor R5 to the 
tional amplifier does not have excessive voltage at its amplifier OAl. The circuit of FIG. 3 is preferred to that 
input and, since the shorting action of each transistor 55 of FIG. 2 because, in it, the current flowing through 
reduces the voltage across each LED from approxi- diode LED.R will always be the same as that flowing 
mately 1.63 to the saturated VCE of the transistor, for through the chain of diodes LEDl —LEDN. Thus, the 
example 100m V, the voltage on the emitter of the last voltage produced across the diode LEDR will more 
transistor will only be about 8 volts when all LED's are closely equal that across the lit ones of diodes LED 1 to 
extinguished. Thus, the output of the amplifier does not 60 N and the stability of the number of lit diodes when the 
need to be excessive. The only components in the iUus- input to be displayed is zero is further improved, 
trated circuit which are individuaUy subjected to the Using arrangements similar to those of FIGS. 2 and 3 
full supply voltage of about 80 volts are the diodes Dl. but adjusting the component values and such, as re- 
When all the LED's are lit a large negative voltage is quired, the apparatus could be made such that a zero 
applied to the anode terminals of each of the diodes.Dl 6S input voltage is represented by a band of lit diodes of 
and they will not therefore conduct. Thus, the voltage length oUier than half the total length of the array of 
across each of the resistors Rl is minimal and, in addi- diodes LEDl, LED2 —LEDN, i.e. to give an tntenne- 
tion, the base terminals of the transistors are protected. diate zero but not necessarily a centre zero. 
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The diodes LED 100-102 and LED R axe preferably control, means including a plurality of switch means» 

light-emitting diodes of the same type as the diodes which switch means are connected across respec* 

LEDl, LED2 —LEDN and they will be lit all the time tive associated ones of said devices and which are 

that the constant current is supplied. Thus» the diodes each operable for bypassing said continuous dec- 

LED100*102mFIG.2ofLEDRinFIG. 3canbeused 5. trical current past the associated device, 

to provide an mdication that the apparatus is switched a conductive portion for receiviiog an input signal of 

on. which a band representation is to be displayed, and 

It will be seen that there are only three interconnec- . feedbadc means which is connected to said series 
tions between the display section of the illustrated cir- ammganent and which is operable for dehvering a 
cuit (namely the display diodes LED 1 to N, resistors 10 negative feedback signal representative of the sum 
Rl and diodes Dl) and the measuring and energy sup- of the potential differenceTs) across the lit light- 
ply section (the amplifier OAl, the current source C, emission device(s) 

and the supply lines). Thus the display section can be said control means being connected to said conduc- 

provided as a separate umt with only three wired con- tive portion and said feedback means to receive 

n^tio^ to be manuring secton, each section prefer- 15 ^ , ^ said negative feedback sigmd, 

f^^/^l!^"^ V T"""* Alternatively being^able to byp^ said current pTa 

the two sections can form parts of a complete prmted ^^^^ ^^^^ hi dependence uponsaid 

circmt device. i^J further possibihty, a group of say ^ signal so that a band r^resentation of said 

^^^^^^^^^fS^^^^^ti^^^^ i is formed by the devic^SS^Ut 
ciated transistors Tl and resistors Rl, and with or with- 20 , aT^^,- JroTI^Jr ^T*!. i • ^ 
outoneormoreassodatedpjotecJivediodesDl.^ Js^TSTStft^oSS ioS^^ 
be combmed as a structural umt, for example as an ^ A^iriT/^I^L!!- T 5 • v^^w 
integrated circuit, such a unit may have only Uiree ter- Apparatus according to claun 1, wherem said sap- 
minals. i.e. the two terminals connected to the respec P^V °»fns comprises a constant current source, 
tive ends of the group of diodes and the common termi- 25 1: f^PP^^ accordhig to claim 1, wherem said 
md comiected to the transistor bases by way of the "^^^ means each comprise transistor switeh means, 
resistors Rl and diode(s) Dl if present Then, to form a ^' Apparatus accordmg to claim 4, wherem each 
display, several of the units could be taken and con- transistor switchmg means comprises a transistor which 
nected in series, and the supplementary circuitry, i.e. ^ »^ collector connected on one and 
the source C, amplifier OAl and resistors R2 and R3 30 ^^^^ respectively of the respective associated 
added as appropriate. Integrated circuit units compris- Hght-emission devices, the bases of aU the 
ing linear arrays of light-emitting diodes arc already transistors being connected to a common conductor 
commercially available but, in them, the diodes are kept POi^on to which there is also connected 
electrically separate withm the circuit unit. By modify- the output of control voltage forming means which is 
ing the design of such units, i.e. so that the diodes are in 35 operable for forming at its output a transistor con- 
series and the transistors, resistors and possibly also the trol voltage representative of the said input signal, 
protective diodes are provided, there is provided a unit ^* Apparatus according to claim 5, wherem said con- 
of which a desired number can be purchased and very trol voltage forming means comprises a comparator 
easily connected together to form a desired kind of band amplifier to one comparison input of which is applied a 
display apparatus. 40 reference level and to the other comparison input of 

In the illustrated embodiment, the feedback path which there is applied said input signal, 
between the amplifier OAl and the point of intercon- Apparatus according to claim 1, wherein said con- 
nection between the current source C and the diode trol means is operable for causing a zero value of said 
LED N comprises a simple, series resistor R3. The |°put signal to be represented by a band terminating 
effect of this is to give linear negative feedback and 45 intermediate the ends of the array of devices, 
consequently a linear band display, Le. one in which the ^* Apparatus according to claim 7, wherein said con- 
length of the lit column or band is (provided that the trol means comprises, for causing said zero value to be 
light-emitting diodes LED 1 to LED N are equidis- represented by a band terminating intermediate the ends 
tantly spaced from one another) linearly related to the of the array of devices as aforesaid, means for forming, 
magnitude of the input signal. It wiU be appreciated 50 ^ for combining with the input signal, an offset volt- 
however that the form of the negative feedback could ^S^* 

be modified so as correspondingly modify the form of 9* Apparatus according to claim 8, wherein said ofi&et 
the display. By way of example, the resistor Rd could be voltage forming means comprises a voltage divider of 
replaced by a non-linear device, for example a diode or which one limb comprises one or more ftirther light- 
en arrangement of several diodes, having a logarithmic 55 emission devices. 

transfer faction so as to give a correspondingly loga- 10. ^paratus according to claim 8, wherein said 

rithmic display. ^ offeet voltage forming means comprises a further light- 

I claim: emission device one side of which is connected to one 

1. Band representation display apparatus comprising: end of said array of hght-emission devices, the intercon- 

a plurahty of electrical hght-emission devices which 60 nection point between the array and the further device 

are physically positioned for formmg a band repre- being held at zero volts and said supply means, which is 

sentation and which are electrically connected m constructed for providing a floatmg current supply, 

series with one another, being connected to the other end of said array and to 

electrical current supply means which is connected to the other side of the further device, said of&et voltage 

one end of the series of light-emission devices and 65 being taken from said other side of said further device, 

which is operable for making electrical current 11. Apparatus according to claim 1, wherein said 

available to flow through the series to Ught the feedback means is connected between the said one end 

devices, of the series of devices and the said conductive portion. 
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12. Apparatus according to claim 6, wherein said 
comparator amplifier is an integrated circuit operational 
amplifier with an inverting input and a non-inverting 
input 

13. Apparatus according to claim 5, wherein the bases 
of the transistors are connected to said common con- 
ductor portion by way of a plurality of protective di- 



8 



odes there being fewer diodes than transistors so that 
the bases of at least some of the transistors are con- 
nected through a diode through which the base of at 
least one other transistor is connected. 

14. Apparatus according to claim 13, wherein there is 
one protective diode for each three adjacent transistors. 
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